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TECHNICAL PROPOSAL NO, TP-5500-2.7
| [CRYSTAL-VIDEO ANTENNAS .

INTRODUCTION

o This propoaai includes the deaign and packaging of nine antennas
and crystal holders to cover the frequency range from 50 megacycles to
40,000 megacycles. This frequency range is broken up into the following
bands: Band 1, 50 to 250 Mc.; Band 2, 250 to 500 Mc.; Band 3, 500 to
1,000 Mc.; Band &4, 1,090 to 2,200 Mc.; Band ;, 2,200 to 4,500 Mc.; Bahd 6,
4,500 to 10,000 Mc.; Band 7, 10,000 to 18,000 Mo.; Band 8, 18,000 to |
26,000 Mc.; Band 9, 26,000 to 40,000 Mc. - | ' ~

It is understood that the frequency range of some of the bands can
be varied; e. g., 1t 1s proposed to make Band 1, 50 to 160 Mc.; Band 2,
160 to 400 Mc.; Band 2, 300 to 1,000 Mc. Hovever, these new freauency
ranges are only tentative. ) _ ‘ )

Four antennas will be required for each band. Each antenna should
have 90° beamwidth. The design gosl is to achieve at least 45 dbm
tangential sensitivity in each band. The discussion to follow is
divided into three parts., Part I is a detailed dlscussion of - the
antennas proposed for thls system. Part II is a detalled discussion
of the crystal holders to be used 1ﬁ this system. Part III is a
detailed discussion of the over-all packaging of the final system. A
supplementary proposal is also attached with a separate budget. This
proposal discusses 1nmdetail, the design of bandpass filters that could

be included in this system ﬁ““\,ggn‘ “qédy |
'PART I - ANTENNAS IS B s

_ In order to minimize development costs, we will attempt to use
& minimum number of different types of antennas to cover the bands.

In the discussion to follow, the bands are broken up into groups
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in which similar antennas are most likely to be used:

a. Band 1 (50 to 160 Mec.)

Considering the frequency range and the bandwidths recqulred,

the discone appears to be the logical choice. The discone

antenna will make vertical polarizagion most feasible. The

development work will consist mainily of establishing the

size and shape of a ground plene to produce a 90° beemwldth

and of testing four discones mounted for system use.

b. Bands 2 - 5 (160 to 400 Me., 400 to 1,000 Mc., 1,000 to 2,200 Mc.,
2,200 to 4,500 Mc.)

has developed a conical helix which has been successfully

used for bandwidths of 2-1/2:1 in the range from 450 to 5,000

Me.
1.
2,

This helix has the following characteristics:
Very low side lobe levels

Circular Polarigation with an axial ratio (Power) of

3:1 or less
VSWR of 3:1 or less over the band; over most of the band,
the VSWR 1s less than 2:1 . .
Half-power beamwidth averages 60° and is practically
constant over entire band »

tremely rugged construction due to conical shape

No external matching transformers required due to unique

construction.

This antenns would be satlsfactory for Bands 2 - 5, except

for the 90° beamwidth requirements. Work has not been done

to date, in attempting to broaden the beamwidth of the helix.

However, this approach looks very promising., It should be
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dh being considered, cir-

emphasized that for the applic’ 
cular polarization 1s desirable and every attempt will be
made to achieve circular polarization in Bands 2 - 5, If
the above helical antenna runs in to unanticipated
dirficultieg,_¢roag~dipola antennas will be investigated.
This antenna also yields circular polarization but requires
a balun because of 1ts balanced construction. This might
limit its usefulness from impedance standpoint.
In the event that both of the above programs fail to produce
a sultable antenna type, linear antennas such as the discone
and horn will pe’conaidergﬂ for these bands. There 1s no
question that a discone can do very nicely fb; all of the i
bands, however, horns will be consgiderably smaller and vossibly
cheaper due to the 90° beamwidth required,
S8cale models for all four bands will be constructed and tested
both individuslly and as a group.
¢. Band 6 (4,500 to 10,000 Mc.) "
A circularly polarized entenna for this band and beamwidth
-may present a difficult problenm. Circularly polarized horns
for 211 bandwidth operation and for beamwidths of 40° are in
uge. Due to the limited time available for investiggtion,}
we will make a couple attempts at achieving a 900 beamwidth
with a circularly polarized horn. If promising results are
not forthcoming, attention will be turned to linear horns.
Wide-band linear horns have been constructed, using rideed
wvaveguide. Experimental work will have to be done to es-
tablish the proper horn and waveguide dimensions for the

required 90° beamwidth. No serious problem 1s anticipated
TRIGLI
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ugsing linear horns.
d. Bands 7 - 9 (10,000 to 18,000 Mc., 18,000 to 26,000 Mc.,
26,000 to 40,000 Mc.)

We do not have available at test equipment over 13,000 Mc, 25X1

We are,“therefcre, proposing to purchase linear horns to cover
these bands from established suppliefs. No difficulties are
enticirated in these bands.
e. Conclusions ' ‘ ' B _
| At this writing, it is anticipated that the followin~ antennas
will be used in this contract: ) _ _
Band 1 Discone Antenna - Vertleal Polarization
Bgnd 2 Tapered Helix
Band 3 Tapered Helix
Band ] Tapered Helix
Band 5 Tapersd Helix
Band 6 Horn - Circular or Linear Polarization

Circular Polarization

1

Circuler Polgrization

Circuigr Polerizetion

i

Circula? Polayization

Band 7 Horn - Horilzontel Polarization

Band 8 Horn - Horizontal Polarization

Band 9 Horn - Horilzontal Polarization
PART II - - CRYSTAL _HOLDERS

It 1s proposed to use crystal holders that will be ontimum for
each band ot.frequena}es. In some cases, this will require some
deVelopmen? and sneclal design. We can anticipate achieving a tangential
sensitivity preater than 45 dbm over most of the bands of frequencies,
Some problems may occur in Band 9.

a. Bands 1 and 2 - 1t 1s proposed to do some development on

a crystal holder to cover these two bands, It is plamned
to use & 1N21B crystal in these bends. No serlous technicel
difficulties are anticipated.

([T g
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b. Bands 3”aﬁd L . it is propoged to use & UG119/0 crystal holder
and adapter with a 1N21B c;ysta; for each of these two bands.
No'deVelopment‘ig ophtemylated and these crystal holders can
be built from stendard design. B

c. 'Bagd 5 - A Grace Mount tyoe of crystal holder using o 1N235B

| crystal is pianngd fbrlthig bond. Again, no development work
1is conﬁémplated énd the crystal holder can be desisned fronm
our standard models. B

d. Band 6 - there are avallable from establlshed sunﬁlic a'
couple of designs that should be satlsfactory for this band.
In particular, we are thinking of 2 crystal holder = menufaciured
by the F i Maohine uhop of New York City. We"woald rlan to
use eilther a 1N23B crystal or a 1N263 In any event, no
dovelopment work is requived. i

e. Bands 7, 8, and 9 =" 1% is planned to purehase these crvstal
holders from estgblﬁshed suppliers. A problem might arise
in the Band 9 ofysta} holder inasmuch as satisfactory crystals
are difficult to'obta§n._ However, if necessary, we can
achieve an optimum crystal holder with selected erystals.

£. Conclusions - No difficulties are anticipated in completing
the required crystal holders within the time sllotted. A
small amount of development work is con;émp;ated for Bands
1 and 2, but no technical difficulties are anticipated there.
The specifications in connection with tangential gensitivity
should be achievable in all bands with the exception of Band 9.
Further 1nformation will be requiréd before an accurate

prediction can be made of tangential sensitivity for Band 9.

(5) q\/\;\w‘:r rj .
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The proposed packaging is illustrated in.Figuree 1, 2, 3, and

PART III - PACKAGING Emn' E&xﬁ%
} attached to this proposal. Figure 1 illustrates the packaging of
the band of the proposed Band 1 discone antennas. TheAun}t would
consist of four reotangular,reflectors vhich wiil probably be of
mesh or rod construction. These reflectors will be part of the dlscone
antenna and also provide mechanical rigidity for the package. ZEs-
timated dimensions are indicated on Figure 1. PFilgure 2 illustrates
the packaging of the Band 2 helical antennas with radomes. These
helices are mounted on 3 ft, square plates arranged to form a cube
3 ft. on a side. This packaging allows the helix Bpace plates to
become part of the package. Figure 3 11lustrates the packaging of
the remaining antennas. It is proposed to mount seven antennas on
a plate. Rach antenne will have 1ts individual radome or window as
reqnired for wea ther-proofing. The plate will probably be a fibre-
glass-honey-comb, carbon-filled plate which prevents reflection from
metallic surfaces behind the antennas. The use of this plate 1s a
direct result of other packaging work which|  |has performed where
similar problems have existed. As in the previous two units, each
mounting plate becomes part of the final package. Figure & 11lustrates,
in block-diagram”form, the complete package. The final package can
be constructed by bolting the unit plates together (three sets of
four plates) and then fastening the three units together to form a
pyramid. ' ) } o _
The advantagés of this type of construction are many, but among

the more important are:

1. Mechanical stabilitv - the over-all system will be

extremely rigid, mechanically. _
2., Transportation ease - The required transit cases will

be 2 minimum due to the permaneq%ym9unp}ng of most of
S ﬁ“‘r\ ml_‘]q o
J
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the antennas. ﬂL”mmﬁthU

3. Assgembly ~ The assembly of the package w11l be cuite
simple due to the box-pyramid construction. A1l
cabling can come down through the inside snace.

It is prppéaed to test the finished system as shown to insure
minimum antenna interaction and to éheck the horizontal sntenna
ratterns for circularity. Impedance and axial ratio measurements will
also be made on the finél system to‘assure sgtisractory rerformance.

Both during pdckaging of the antenna system and after the nack-
aging is completed, effort will be expended toward camouflaging the
over-all package in a manner that would make 1t extremely difficult
to determine the use anﬁ f?equency'range of assoclated eculnment from

_the appearance cof the package.

S bk TIAL
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Bend 3 ‘Digcones $ 2500
Bend 2 Hellees ané Fadones TVL.00
Band Helicen ond Nodomes hne,.e0
Nene & Helices and Redomos 870,00
Srng 5 Telicos snd Radomes 470,00
Band € Horns with Windovs 230,00
feng 7 Hyrns with Windows 20k .00
Bend O Horne with Vindows feh 00

Bond 9 Horne with Windows _ 26 a0
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SUPPLEMENTARY PROPOSAL TO TPGE00-2.7

Bendosss ¥ilters ( |Crystal-Video Antenna System)

The use of bandpess filters would accurately limit the resmonse
of emch band to only those frecuencies specified for that band., This
would eliminate the possibility that a signal would simultenecusly be
nicked un in many different bende. The sntenns and crystal holder
combinzation will vrovide readable recention to frequencies fear oibe
pide their snecified bandwidth. This could concelvably couse operationsl
diffieultios. This proposel outlines 2 program for addine fllters to
the nrevious system of antennss and orystal holders.

.

C.

Bang 1 Filter - Some deslon work is anticlpated to »rodieo
& filter covering this band. It is enticirated thet an in-
geriion loss of better than 4 &b oan be obtained with an
sttenuation of greater then 40 @b within 107 of the low and
hizh frecuency band limits. A lumped narameter filter is
planned for this band. ~

Band 2 ~ Some desion work is anticipated for Bend 2 filter,
Insertion loss should be better than 4 db in the band #nd
greater than 40 db within 107 of the high frequency &nd low
frecuency band limits. A hybrid tyve of filter using both
limped and distributed parameters 1s contemnlated for this band.
Bend 3 <[ |hes built an unusuel tyve of limped-@lstributed
filter covering a bdendwidth very similar to this bend. The
ase of thie filter is contemnlated. 2 minor amount of
desimm work will be mcg:zimﬂ;

- i
(1) RTINS
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4. Band b Filter -Ehas 8 filter of the lumped-distributed
type that can meet the band requirements of Band 4 filter.
Inscrtion loss will be better than 4 db and attenuation
greator then 40 db within 105 of band limits.

e. Bands 5 and 6 filters - It is planned to use corrusated
ridge wavepulde filters. [:::}has designed and bullt many
filters of this type. Some design time will be recuired
to accurately set the band limits. Deslen goals will be
better then Y4 db insertion loss in the band and between
40 and 60 db attenuation within 10% of the band limits.

f. Bend 7 - Corrugated waveguide filters will be used with
'better than 4 db insertion loss in the band and betveen

" 40 and 60 db attenuation within 107 of band limits. Some
design time will be required to accurately position the
band limits of the £ilter. .

Conclusion

No;technical aifficulties arc anticipated in producing filters
for this'proposal. Some design time will be reguired to accurately
position the lower passband and the upper passband of each filter
and to determine the number of sections necessary to obtain the re-
quired attenuation outside the passband. ;f this part of the work
is done concurrent with the antenna and crystal holder packaging,

there should be no delay in delivering the completed system.

(2)
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Prono ged Budzet for

Supnlementary Proposal to TP-5500-2.7

This hudget covers all added costs to provide bandpass filters
for Bands 1 to 7 inclusive and vackaging into the complete systen.

2,06 wveekks  Senlor Ingineer $ 915.490
2 wveeks Mechenical Ungineer 270.00
L .6 veeks Develorment I Fngineer 575.00
-5 weeks Technician 1,260.00
.3 weeks Mechinist 2,562.00
2 weeks Drafiing 176.00
$ 5,791.40

Overhead 95% 5,501.03
Materisls 2,745,00
$14,033.23

ized Pee 7% » 672,67
TOTAL $15,020.90
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